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Abstract: Gecko ethanol extract (GEE) is an active component extracted from the gecko, and has been reported 
to be effective against hepatocellular carcinoma (HCC). However, its potential effects and mechanisms, by which 
it inhibits HCC lymph angiogenesis, are still unclear. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was used to evaluate the anti-proliferative effect of GEE on human liver carcinoma HepG2 cells, 
and the expression level of vascular endothelial growth factor-C (VEGF-C) was detected. BALB/c mice bearing H22 
hepatoma were randomly divided into model group (normal saline), control group (adriamycin, 2 mg·kg-1) and low, 
middle and high dose of GEE (20, 40 and 80 mg·kg-1) groups. The tumors were removed and the lymphatic micro 
vessel density (LMVD) was measured. Western blot and reverse transcription-PCR (RT-PCR) were used to detect 
VEGF-C and VEGFR-3. Results showed that GEE significantly inhibited the proliferation of HepG2, and the expres-
sion of VEGF-C decreased with increasing GEE concentration. In addition, GEE markedly inhibited transplanted 
tumor growth. A lower LMVD was detected in the GEE groups, and the protein and mRNA expression of VEGF-C and 
VEGFR-3 were also down-regulated. Our results indicate that GEE has a significant inhibitory effect on lymph an-
giogenesis in hepatic carcinoma. This may occur through the suppression of VEGF-C/VEGFR-3 signaling pathways.
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Introduction

Hepatocellular carcinoma (HCC), a common 
malignant tumor of the digestive system, is the 
third leading cause of cancer related death [1, 
2]. Lymphatic metastasis is a factor that criti-
cally influences the progress and prognosis of 
HCC. Recent data shows that lymph node 
metastasis occurs in one third of patients with 
hepatocellular carcinoma [3-6]. Current treat-
ment methods of primary liver cancer include 
surgery, radiation therapy, interventional thera-
py, hyperthermia therapy, biological therapy 
and liver transplantation; however, they cannot 
achieve the desired therapeutic effect [7, 8]. It 
is generally believed that, in the treatment of 
primary liver cancer, Chinese medicine has the 
unique advantages and mild and few side 
effects [7].

VEGF-C is the first confirmed lymphatic vascu-
lar endothelial growth factor. VEGF-C binds to 

the tyrosine kinase receptor vascular endothe-
lial growth factor receptor 3 (VEGFR-3) in lym-
phatic endothelial cells and then activates 
intracellular tyrosine phosphorylation, eliciting 
a series of complex signal transduction path-
ways. These involve the extracellular regula- 
tory kinase ERK1/2 and phosphatidyl inositol 
3-kinase P13K/AKT, and promote lymphatic 
endothelial cell proliferation, enable migration 
to form new lymphatic vessels and mediate 
lymph node metastasis of tumor cells. A large 
number of studies have shown that VEGF-C  
and VEGFR-3 are highly expressed in human 
tumor tissues and closely related to the forma-
tion of lymphatic vessels and the metastasis of 
tumor cells.

The gecko, or ShouGong, has been widely used 
in traditional medicine in China [9]. Gecko 
extracts have been associated with effects 
including inhibition of multiple malignant tu- 
mors, reduce blood pressure, improve blood 
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supply to tissue, defense against bacteria and 
relief of asthma [10]. There has been increas-
ing basic and clinical scientific evidence to sup-
port the anticancer activity of gecko extracts in 
recent years.

Preliminary studies have suggested that gecko 
ethanol extract (GEE) can inhibit the prolifera-
tion of HepG-2 cells [11] and tumor growth in 
H22-transplanted mice [12], but its effects on 
tumor lymph angiogenesis and their mecha-
nisms have not been elucidated. We investigat-
ed effects of GEE on lymph angiogenesis of 
HCC in vivo and in vitro. This study will also pro-
vide experimental evidence for the clinical 
treatment of HCC.

Materials and methods

Animals and cell lines

BALB/c mice that weighed 18-22 g were ob- 
tained from the experimental animal center of 
Henan University of Science and Technology, 
Luoyang, China (Certificate Number: 2015-
0007 scxk). The present study was approved  
by the Animal Ethics Committee of Medical 
College of Henan University of Science and 
Technology (Luoyang, China). All experimental 
procedures were conducted in conformity with 
the National Institutes of Health Guide for Care 
and Use of Laboratory Animals [13].

Hepatocellular carcinoma (HepG2) cells were 
obtained from the Medical College of Henan 
University of Science and Technology.

Murine H22 hepatocarcinoma cells were ob- 
tained from the Henan Institute of Pharma- 
ceutical Sciences (Zhengzhou, China) and cul-
tured in Dulbecco’s modified Eagle’s medium 
(DMEM, Hyclone, USA) containing 10% fatal 
bovine serun (FBS, Biological Industries, Israel), 
penicillin (107 U/l, Solarbio, Beijing, China),  
and streptomycin (10 mg/l, Solarbio, Beijing, 
China). The cells were subcultured until reach-
ing the logarithmic growth phase and then  
were maintained by transplanting them into the 
peritoneal cavities of BALB/c mice weekly.

Preparation of gecko ethanol extract (GEE) 
[14, 15]

The gecko used in the study was purchased 
from Anhui Bozhou Yonggang Co. Ltd (Bozhou, 
China). In brief, gecko powder (100 g) was dis-

solved in 400 mL double distilled water and 
made into a homogenate. The homogenate was 
then put into a lapping machine and ground 
continuously for four hours. Following centrifu-
gation at 5000 rpm for 5 min, the precipitate 
was collected and extracted by soaking in  
400 mL 55% ethanol solution. The supernatant 
solution was further concentrated using a rota-
ry evaporator to remove ethanol, and finally 
lyophilized in a freeze-dryer to collect the gold-
en extraction powder which was used in the 
subsequent experiments as GEE.

Cell cultures

HepG2 cells were cultured in DMEM containing 
10% FBS, penicillin (107 U/l), and streptomycin 
(10 mg/l). HepG2 cells in the exponential 
growth phase were collected for the subse-
quent experiments. 

MTT assay for detecting the anti-proliferative 
effect of GEE

The inhibition of the proliferation of HepG2 
cells was measured by MTT assay in vitro [16]. 
200 μL of HepG2 cells in logarithmic growth 
phase were put into 96-well cell culture plates 
at a density of 2 × 104 cells/mL. The 96-well 
plates were then incubated for 24 h to allow  
the cells to attach. Following this, the HepG2 
cells were treated with GEE at different con- 
centrations (0, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35 
and 0.4 mg·mL-1) for 24 h, 48 h and 72 h. The 
96-well plate was then put in a humidified incu-
bator at 37°C to incubate. Four hours before 
the end of incubation, 15 μL MTT (5 mg·mL-1) 
was added into each well. After cultivating for 
another 4 h, the cell culture supernatant was 
discarded and 150 μL DMSO were added into 
each well, and the plate was placed on a plate 
shaker for 10 min at room temperature. Last, 
absorbance (A) was measured by an ELX800 
Universal Microplate Reader (Bio-Tek Instru- 
ments) at 490 nm. The inhibition rate (IR) was 
calculated as follows: IR% = [1-AGEE/Amodel] × 
100%.

Western blot analysis of VEGF-C of HepG2 cells

HepG2 cells were seeded into 6-well cell cul-
ture plates with a density of 5 × 105 cells/mL  
to incubate for 24 h, and divided into five 
groups: blank group (treated with NS), control 
group (2 mg·kg-1 adriamycin), low dose of GEE 
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group (0.1 mg·mL-1, GEEL), medium dose of GEE 
group (0.2 mg·mL-1, GEEM), high dose of GEE 
group (0.4 mg·mL-1, GEEH). The cells after treat-
ed were then collected and centrifuged at 
12,000 rpm for 20 min, and the supernatants 
were collected. Total protein was measured us- 
ing a BCA protein assay kit (Solarbio, Beijing). 
Equal amounts of protein were subjected to 
SDS-PAGE gel electrophoresis, and the pro- 
tein was transferred to polyvinylidene fluoride 
(PVDF, PALL, USA) at 200 mA for 2.5 h. Next, 
the PVDF were blocked with 5% non-fat milk  
in PBST at 37°C for 1 h and incubated over-
night with different primary antibodies target-
ing mouse β-actin and VEGF-C (Proteintech, 
Wuhan) at 4°C. Following this, the PVDF were 
incubated with the corresponding horseradish 
peroxidase-conjugated secondary antibody for 
1 h at 37°C, and then washed with PBST an- 
other three times. Finally, the protein bands 
were detected using the DAB (Solarbio, Beijing) 
chromogenic reagent and the intensity ratios  
of the bands were compared with control 
bands.

Establishment of H22 tumor-bearing mouse 
model

H22 cells were transferred into the abdominal 
cavity of BALB/c mice to obtain tumor ascites. 
The H22 tumor ascites were then taken from 
the mice and diluted with normal saline (NS) to 
thoroughly dilute the cells into a suspended 
solution at a concentration of 1 × 107 cells/mL. 
To establish a murine solid tumor H22 trans-
plantation model [17], 0.2 mL of the cell sus-
pension was injected into the right axillary 
region of BALB/c mice. 

H22-transplanted mice were grouped and 
treated with different doses of GEE

Twenty-four hours after inoculation, the H22-
bearing mice were randomly assigned to five 
groups (n = 10): model group (treated with NS), 
control group (2 mg·kg-1 adriamycin), GEE (L) 
(20 mg·kg-1 in NS), GEE (M) (40 mg·kg-1 in NS), 
GEE (H) (80 mg·kg-1 in NS). Adriamycin was ad- 
ministered by intraperitoneal injection every se- 
cond day and GEE was administered by intra-
peritoneal injection once daily. Each mouse 
was weighed daily (0.1 mL·10 g-1). After 10 con-
secutive days of injections, subcutaneous tu- 
mors were carefully collected and weighed. The 
IR on tumor weight was assessed as follows:

IR (%) = [1-(tumor weight of tested group/tumor 
weight of NS group)] × 100%. 

The thymus and spleen of the mice were also 
collected and weighed. The thymus and spleen 
indices were assessed as follows: 

Thymus index (%) = thymus weight (mg)/body 
weight (g) × 10. 

Spleen index (%) = spleen weight (mg)/body 
weight (g) × 10. 

ELISA assay of VEGF-C protein

The VEGF-C protein content of the serum of 
tumor bearing mice was detected using a cor-
responding ELISA kit (Neobioscience, China) 
following the instructions supplied by the man-
ufacturer. The absorbance was measured at 
450 nm using an ELX800 Universal Microplate 
Reader. The assay was repeated three times.

HE staining was used to observe the pathologi-
cal changes of tumor tissues in mice

The H22 transplanted tumor tissues were fixed 
in 10% neutral formaldehyde. The washed 
tumor tissues were dehydrated in descending 
grades of ethanol and cleared in xylene, then 
embedded in paraffin. Sections were cut at a  
5 μm thicknesses and stained with hematoxy-
lin and eosin (H&E), then subsequently exam-
ined using a light microscope for histopatho-
logical examination.

Immunohistochemical analysis was performed 
to detect the LMVD of the tumor tissue

After 48 hours in 10% neutral formaldehyde, 
the tumor tissue went through dehydration and 
transparency, and was embedded in wax. It 
was then sectioned at 4 μm thickness using a 
microtome. Sections were then deparaffinized, 
stepwise dehydrated and the endogenous per-
oxide blocked. These sections were processed 
with antigen retrieval, which was achieved by 
boiling the slides in citrate buffer (pH 6.0) for 
15 min, and then washed with PBS (pH 7.2) 
after natural cooling to room temperature. 
Sections were incubated for 60 min at  
37°C with anti-VEGFR-3 antibody (Proteintech, 
Wuhan) at a 1:100 dilution. The sections were 
incubated with Max VisionTM (Maixin Biotech, 
Fuzhou) reagent for 15 min at room tempera-
ture after being washed with PBS (pH 7.2). They 



GEE inhibits lymph angiogenesis through the VEGF-C/VEGFR-3 pathway

9058	 Int J Clin Exp Med 2018;11(9):9055-9065

were then dipped in freshly prepared DAB 
(Solarbio, Beijing) after being washed with PBS 
(pH 7.2) and observed for 3-5 min under the 
microscope. Finally, sections were immersed in 

were taken at random in high magnification (× 
400), clearly colored of individual endothelial 
cells as a counting unit. The cells that were 
unclear or blurred were not counted as count-
ing results, and the results were expressed as 
an average.

RT-PCR analysis for VEGF-C and VEGFR-3 
mRNA of the tumor tissue

Total RNA was extracted from 0.1 g of tumor 
tissues, and the purity and concentration  
were measured by UV spectrophotometer at 
A260/A280 wavelength. Reverse transcription 
of cDNA was performed according to the kit 
instructions and then amplified by PCR. Re- 
action conditions were: pre-denaturation at 
37°C for 3 min, denaturation at 94°C for 30 s, 
annealing time 30 s (18 s 58°C, VEGF-C 53°C 
VEGFR-3 56°C), 72°C for 30 s, a total of 35 
cycles, 72°C again for 3 min after the last cycle. 
Using 18 s as a reference, the primer seque- 
nces are shown in Table 1. Agarose gel elec- 
trophoresis was then performed and quantifi- 
ed using the Gene Genius gel imaging analysis 
system. The assay was repeated six times.

Western blot analysis for VEGF-C and VEGFR-3 
of the tumor tissue

The tumor tissue homogenates were centri-
fuged at 12,000 g for 10 min, after which 
supernatants were collected and total protein 
was measured using a BCA protein assay kit. 
Equal amounts of protein were subjected to 
SDS-PAGE gel electrophoresis and the protein 
was transferred to PVDF at 200 mA for 2.5 h. 
Next the PVDF were blocked with 5% non-fat 
milk in PBST at 37°C for 1 h and incubated 
overnight with different primary antibodies tar-
geting mouse β-actin, VEGF-C and VEGFR-3 
(Proteintech, Wuhan) at 4°C. Following this, the 
PVDF were incubated with the corresponding 
horseradish peroxidase-conjugated secondary 
antibody for 1 h at 37°C, and then washed with 

Table 1. RT-PCR primer sequences
VEGF-C upstream 5’-ACTTGCTGTGCTTCTTGTCTC-3’
VEGF-C downstream 5’-GCTCCTCCAGGTCTTTGC-3’
VEGFR-3 upstream 5’-CGAGGACGAGGGTGACTA-3’
VEGFR-3 downstream 5’-CAGAAGAAAACTGCGATGAC-3’
18S upstream 5’-CACCTACGGAAACCTTGTTAC-3’
18S downstream 5’-GTCCCCCAACTTCTTAGAG-3’

Figure 1. Inhibitory effects of GEE on the proliferation 
of HepG2 cells (mean ± SD). GEE (0, 0.1, 0.15, 0.2, 
0.25, 0.3, 0.35 and 0.4 mg·mL-1) significantly inhib-
ited the cell viability and proliferation.

hematoxylin and sealed in place with neu-
tral gum. The LMVD counts were performed 
using the methods reported by Ohno [18] 
and Weidner [19] et al. Above all, the pe- 
ritumoral area were observed in the low 
magnification (× 100), the tumor (cancer 
nest central area) and the corresponding 
distal normal margin, selected the lymphat-
ic high density area “hotspots” as measure-
ment area, then five visual field counts 

Figure 2. Inhibitory effects of GEE on the expression 
of VEGF-C in HepG2 cells. A. Western blot analysis 
of identifying VEGF-C expression in HepG2 cells. B. 
Ratio of the protein expression of VEGF-C to β-actin. 
Changes were significantly different compared with 
model group (**P<0.01).
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PBST another three times. Finally, the protein 
bands were detected using the DAB (Solarbio, 
Beijing) chromogenic reagent and the intensity 
ratios of the bands were compared with control 
bands. The assay was repeated five times. 

Statistical analysis

All experimental results were expressed as the 
mean ± SD. Statistical analysis was performed 
using SPSS 16.0 software. Differences among 
groups were tested by one-way analysis of vari-
ance (ANOVA). Differences were considered to 

be statistically significant when P-values were 
less than 0.05 or 0.01 (P<0.05 or P<0.01).

Results 

Inhibitory effects of GEE on the proliferation of 
HepG2 cells

Compared with the blank group, GEE signifi-
cantly inhibited the viability and proliferation of 
HepG2 cells in a time- and dose-dependent 
manner (P<0.05, Figure 1). The half-maximal 
inhibitory concentration (IC50) of GEE was 
0.303, 0.257 and 0.185 mg·mL-1 for 24 h, 48 h 
and 72 h, respectively.

GEE decreased VEGF-C protein expression in 
HepG2 cells

Lymph angiogenesis has been suggested as  
a prerequisite process for tumor growth, with 
VEGF-C playing an essential role in carcinoma 
lymph angiogenesis. The western blot result 
revealed that GEE could decrease VEGF-C 
expression levels in HepG2 cells in a dose-
dependent manner, compared with the blank 
group (P<0.01). Groups of VEGF-C and β-actin 
grayscale average ratio were (94.94 ± 4.03)%, 
(57.26 ± 3.15)%, (38.65 ± 1.59)%, (26.45 ± 
5.89)%, (8.06 ± 2.61)% (Figure 2).

Inhibitory effect of GEE on tumor growth

GEE significantly decreased the growth of H22 
hepatoma in mice, as evaluated by tumor mass 
(P<0.01, Table 2). The inhibitory rate in the con-
trol group, GEE (L) group, GEE (M) group and 
GEE (H) group was 71.34%, 44.67%, 50.91% 
and 63.18%, respectively. This finding suggests 
an anti-cancer activity of GEE in vivo. In addi-
tion, compared with the model group, spleen 
index and thymus index of the control group sig-
nificantly decreased, while the GEE (L), GEE (M) 
and GEE (H) groups showed no significant dif-

Table 2. Inhibitory effects of GEE on transplanted H22 mice (mean ± SD, n = 10)

Group Dosage (mg·kg-1)
Body mass (g)

Tumor mass (g) Inhibitory rate (%)
0 (d) 10 (d)

Model - 36.75 ± 2.90 32.80 ± 4.18 1.75 ± 0.39 -
Control 2 35.60 ± 2.45 33.85 ± 4.40 0.50 ± 0.28* 71.34
GEE (L) 20 36.92 ± 2.30 38.92 ± 3.41* 0.97 ± 0.20*,# 44.67
GEE (M) 40 35.74 ± 3.98 37.85 ± 4.36* 0.86 ± 0.31*,# 50.91
GEE (H) 80 36.20 ± 2.04 38.15 ± 3.19* 0.64 ± 0.34*,# 63.18
Note: compared with the model group, *P<0.05; compared with the control group, #P<0.05.

Table 3. Effects of GEE on immune organs of 
H22 mice (mean ± SD, n = 10)

Group Dosage 
(mg·kg-1)

thymus index 
(mg·10g-1)

spleen index 
(mg·10g-1)

Model - 2.42 ± 0.51## 8.39 ± 1.23##
Control 2 1.04 ± 0.47** 3.97 ± 1.81**
GEE (L) 20 2.37 ± 0.53## 8.18 ± 0.46##
GEE (M) 40 2.29 ± 0.29## 7.96 ± 1.04##
GEE (H) 80 1.84 ± 0.44*,# 7.89 ± 0.96##
Note: compared with the model group, *P<0.05, 
**P<0.01; compared with the control group, #P<0.05, 
##P<0.01.

Figure 3. Effect of GEE on the protein level of VEGF-
C in the mouse serum. Compared with the model 
group, **P<0.01.
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ference (P>0.05). These findings suggest that 
GEE has no effect on the immune function of 
H22 hepatocarcinoma mice (Table 3).

Inhibitory effect of GEE on VEGF-C protein 
expression by ELISA assay

The VEGF-C level in serum of H22 hepatocarci-
noma mice was detected by ELISA (Figure 3). 
The ELISA result showed that the VEGF-C 
expression levels of the GEE (L), GEE (M) and 
GEE (H) groups were significantly decreased 
compared with the model group (P<0.01). This 
result indicates that GEE can significantly in- 
hibit the expression of VEGF-C in a dose-depen-
dent manner.

Killing effect of GEE on mouse tumor tissues

As shown in Figure 4, the tumor tissue of the 
model group exhibited irregular growth, and 
tumor cells grew strongly and arranged dense-
ly. In the control, GEE (L), GEE (M) and GEE (H) 
groups, however, exhibited larger necrotic area 
and more vacuoles, the necrotic area was pink 
and the nuclei dissolved. Compared with model 
group, GEE (H) group had significant killing 
effect on tumor cells, which was higher than 
that of the control group.

GEE decreased LMVD in tumor tissues

Both micro-lymphatic vessels’ morphological 
changes and LMVD of the transplanted tumor 

VEGFR-3 mRNA and protein levels in tumor 
tissue

RT-PCR analysis was used to detect changes in 
VEGF-C and VEGFR-3 mRNA expression levels 
after treatment with GEE at different concen-
trations (20, 40 and 80 mg·kg-1). These results 
showed that, with increasing GEE concentra-
tion, VEGF-C and VEGFR-3 mRNA expression 
levels decreased (P<0.01) (Figure 6). Groups  
of VEGF-C/18S grayscale average ratio were 
(52.88 ± 1.51)%, (38.15 ± 1.05)%, (37.01 ± 
1.17)%, (21.18 ± 1.83)%, (14.07 ± 1.12)%. 
Groups of VEGFR-3/18S grayscale average 
ratio were (51.87 ± 1.25)%, (31.02 ± 1.97)%, 
(21.34 ± 1.98)%, (16.62 ± 1.16)%, (10.21 ± 
1.12)%.

Western blot analysis was used to observe the 
expression of lymph angiogenesis related pro-
teins and investigate the mechanism responsi-
ble for the lymph angiogenesis induced by  
GEE in tumor tissue. As shown in Figure 7, we- 
stern blot analysis demonstrated that VEGF-C 
protein expression was down-regulated com-
pared with the model group (P<0.01). Groups  
of VEGF-C/β-actin grayscale ratio were (99.93 
± 2.30)%, (66.11 ± 2.16)%, (61.58 ± 3.11)%, 
(59.74 ± 4.02)%, (45.93 ± 3.29)%. Groups of 
VEGFR-3/β-actin grayscale ratio were (62.33 ± 
2.43)%, (25.75 ± 3.10)%, (17.47 ± 1.84)%, 
(14.43 ± 1.22)%, (3.89 ± 1.16)%. This result 

Figure 4. Pathological changes of tumor tissues in H22 mice (200 ×). The 
tumor tissue of the model group exhibited irregular growth, and tumor cells 
grew strongly and were densely arranged. In the control, GEE (L), GEE (M), 
GEE (H) groups, however, exhibited larger necrotic area and more vacuoles, 
the necrotic area was pink and the nuclei dissolved. Bar = 50 μm.

were observed by immuno- 
histochemistry with VEGFR-3 
antibody. The number of tu- 
mor lymphatic vessels gradu-
ally decreased in the control 
group and GEE (L), GEE (M) 
and GEE (H) groups, as the 
diameter of the lumen became 
smaller, LMVD value decreas- 
ed significantly. The average 
LMVD value for each group 
was 18.9 ± 1.6, 12.6 ± 2.3, 
14.2 ± 1.7, 11.9 ± 2.2 and 7.6 
± 1.2, respectively. Compared 
with the model group, the dif-
ferences were statistically sig- 
nificant (P<0.01). The result 
indicates that GEE can signi- 
ficantly inhibit the formation  
of lymphatic vessels in H22 
liver cancer in a dose depen-
dent manner (Figure 5).

GEE decreased VEGF-C and 
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indicates that GEE can significantly inhibit the 
formation of lymphatic vessels in transplanted 
H22 liver cancer. In addition, VEGFR-3 protein 
expression decreased in a dose dependent 
manner (P<0.01). These data suggest that the 
VEGF-C/VEGFR-3 pathway may be involved in 
GEE-inhibited lymph angiogenesis.

Discussion

High metastasis rate, recurrence and poor 
prognosis are important clinical features of 
hepatocellular carcinoma [20]. Lymphatic me- 
tastasis is an early event in the development  
of hepatocellular carcinoma [5]. Recent studies 

Figure 5. Immunohistochemical analysis was performed to detect the LMVD of the tumor tissue (× 200). A. Protein 
levels of VEGFR-3 in tumor tissue assayed by immunohistochemistry. B. LMVD of the transplanted tumors was ob-
served by immunohistochemistry with VEGFR-3 antibody. Compared with the model group, **P<0.01. Bar = 50 μm.

Figure 6. Effects of GEE on the expression level of VEGF-C and VEGFR-3 mRNA in tumor tissue. A. RT-PCR analysis 
of identifying VEGF-C and VEGFR-3 mRNA expression in tumor tissue. B. Ratio of VEGF-C mRNA expression. C. Ratio 
of VEGFR-3 mRNA expression. Changes were significantly different compared with the model group (**P<0.01).
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have confirmed that the formation of new lym-
phatic vessels is a necessary condition for  
the occurrence of lymphatic metastasis of 
tumors [21].

It is crucial to clearly identify micro lymphatic 
pathology by studying lymphatic vessels. LMVD 
is the measurement of lymphatic micro vessel 
growth in tumor, and is frequently used as a 
clinical indicator of lymph angiogenesis [22].  
At present, frequently-used lymphatic endo- 
thelial molecular markers include VEGFR-3  
[23, 24], lymphatic endothelial hyaluronic acid 
receptor-1 (LYVE-1) [25], mucin in glomerular 
mesangial cells (podoplanin) [26, 27], Prox-1 
[28] and antibodies directed against M2A (D2-
40) [29]. VEGFR-3 is a cell surface tyrosine 
kinase receptor in the lymph angiogenesis sig-
naling pathway, and plays an important role in 
regulating the formation of lymphatic vessels.  
It is mainly expressed in lymphatic endothelial 
cells, and is the earliest and most widely used 
endothelial marker of lymphatic vessels [5, 21]. 
The lymphatic endothelial cells of transplanted 
tumor tissue were investigated by immunohis-
tochemistry with VEGFR-3 antibody. Our results 
showed that the characteristics of lympha- 
tic vessels were disorder and distortion, with 

lumen expansion in the tumor-surrounding tis-
sue of the model group. On the other hand, 
micro lymphatic density of transplanted tumor 
decreased in a dose-dependent manner in 
each group treated with GEE. With increasing 
drug concentration, the shape and structure  
of the lumen tended to be normal, the tube  
wall became regular and complete, and the 
diameter of the lumen became smaller.

VEGF-C, one of the key factors promoting the 
formation of tumor lymphatic vessels, is the 
most important lymphatic endothelial growth 
factor [30, 31]. It is highly expressed in many 
human malignant tumor tissues [32]. VEGF-C 
and its receptor VEGFR-3 form a major signal 
transduction pathway in the regulation of tu- 
mor lymphatic vessel formation. After binding 
with each other, they trigger a downstream sig-
nal transduction pathway. This promotes lym-
phatic endothelial cell proliferation and migra-
tion, inhibits its apoptosis and induces the 
formation of tumor lymphatic vessels [33, 34]. 
Lymphatic vessel networks around the tumor 
periphery are formed by increasing new lym-
phatic vessels, this provides more opportunity 
for lymphatic metastasis of tumor cells [35-41]. 
In addition, VEGF-C can promote the secretion 

Figure 7. Effects of GEE on the expression of VEGF-C and VEGFR-3 protein. A. Western blot analysis of identifying 
VEGF-C and VEGFR-3 expression in tumor tissue. B. Ratio of the protein expression of VEGF-C to β-actin in tumor 
tissue. C. Ratio of the protein expression of VEGFR-3 to β-actin in tumor tissue. Changes were significantly different 
compared with the model group (**P<0.01).
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of tumor lymphatic lymph drainage and sub- 
sequent distant metastasis accompanied by 
lymph circulation, provide nutrients to tumor 
cells and promote growth of tumor cells [28]. 
Using experimental methods such as western 
blot, ELISA and immunohistochemistry, we 
found that GEE inhibited the VEGF-C protein 
expression of HepG2 cells and H22 hepatoma 
tumor. By RT-PCR, we further demonstrated 
that GEE inhibited VEGF-C and VEGFR-3 mRNA 
expression of H22 hepatoma tumor in a dose-
dependent manner. This may indicate that GEE 
could significantly inhibit the production of 
VEGF-C and VEGFR-3 protein and the trans- 
criptional activity of VEGF-C and VEGFR-3 
mRNA in hepatocellular carcinoma. The pres-
ent study demonstrated that VEGF-C/VEGFR-3 
is an important target for the antitumor acti- 
vity of GEE, and that GEE may inhibit lymph 
angiogenesis in hepatocellular carcinoma by 
acting on this target. 

The formation of tumor lymphatic vessels is 
regulated by many factors and signaling path-
ways [42]. Studies have showed that P38-
MAPK, JNK-MAPK, ERK-MAPK and PI3K/AKT 
are the main signal transduction pathways to 
regulate VEGF-C/VEGFR-3 [43]. Therefore, the 
VEGFR-3 signal transduction system is expect-
ed to be an effective way to treat lymphatic 
metastasis, and may be an ideal target for  
controlling tumor growth and metastasis. GEE 
achieved inhibition of tumor lymphatic metas-
tasis by inhibiting the signal transduction pa- 
thway. In addition, the regulation of tumor lym-
phatic metastasis by GEE might be a com- 
prehensive effect of multiple targets and mul- 
tiple pathways. Therefore the anti-tumor me- 
chanism of GEE should be explored from  
the aspects of molecular, cellular and animal 
models.
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